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S5 – Biogenesis of respiratory complexes
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The vast majority of mitochondrial proteins are synthesized in the
cytosol. After synthesis, precursors of mitochondrial proteins are
directed to the TOM complex and subsequently to speciﬁcmitochondrial
import machineries that are responsible for their sorting. Proteins
destined to the intermembrane space of mitochondria follow the
mitochondrial intermembrane space import and assembly (MIA)
pathway. The MIA pathway provides an efﬁcient mechanism for
trapping substrate proteins in the intermembrane space of mitochon-
dria. Our recent ﬁndings on dynamic processes that contribute to the
maintaining of protein homeostasis in this mitochondrial compartment
will be discussed.
doi:10.1016/j.bbabio.2014.05.141
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In living cells, growth is the result of coupling between substrate
catabolismandmultiplemetabolic processes that can be assumed to take
place during net biomass formation and maintenance processes. We
have shown that in yeast, there is a constant growth yield during
proliferation on non-fermentable substrate (where the ATP generated
originates from oxidative phosphorylation). This constant growth yield
is due to a tight adjustment between the growth rate and the cellular
mitochondrial amount. Two processes are known to control the cellular
steady state of mitochondrial amount: mitochondrial biogenesis
and mitochondrial degradation. Whereas mitochondrial degradation
(mitophagy) is unaffected during proliferation, mitochondrial amount is
strictly controlled bymitochondrial biogenesis. Moreover, the Ras/cAMP
pathway is the key cellular signaling pathway involved in the regulation
of mitochondrial biogenesis, with a direct relationship between the
activity of this pathway and the cellular amount of mitochondria. The
yeast harbors three cAMP kinase catalytic subunits, which have greater
than 75% identity and are encoded by the TPK genes. Although they are
redundant for some functions it is not the case for all of them. We have
shown that Tpk3p is the catalytic subunit speciﬁcally involved in the
regulation of mitochondrial biogenesis. Indeed, Δptk3 cells exhibit an
oxidative stress that originates in an increase in mitochondrial ROS
production due to the loss of cAMP dependent regulation of mitochon-
drial ROS production. This was the ﬁrst report showing that the activity
of the HAP complex is sensitive to ROS signaling, clearly involving ROS in
mitochondria-to-nucleus signaling. This ROS-induced decrease in the
amount of HAP complex is due to a ROS-induced decrease in the amount
of Hap4p (functional homologue of PGC1α in mammalian cells). In
conclusion, mitochondria being one of the main sites of ROS production,
the ROS-mediated downregulation of the mitochondrial biogenesis can
be considered like a protective quality-control process. We also showed
that the glutathione redox state is an intermediary for the sensing of cell
redox stress by the transcription factors involved in the mitochondrial
biogenesis regulation. Post-translational consequences of cellular redox
perturbation most likely consist in a main regulatory processes and the
question of the relationship between the cell proliferation and its redox
status is a highly discussed research ﬁeld.
doi:10.1016/j.bbabio.2014.05.142
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Complex III of themitochondrial respiratory chain consists of 11 or 10
different subunits inmammals and yeast, respectively, ofwhich three are
catalytic: cytochromes b, c1 and the FeS protein Rip1. Complex III is
assembled through a sequential addition of subunits, starting with an
early core containing Cytb, the only subunit encoded by the mitochon-
drial genome and ﬁnishing with the incorporation of Rip1, a step that is
dependent on the assembly factor Bcs1. Bcs1 proteins belong to the large
AAA-protein family (ATPase Associated with diverse cellular Activities)
characterized by the presence of a highly conserved AAA region involved
in ATP binding and hydrolysis. Mutations in the AAA domain of Bcs1
prevent Bcs1 from efﬁciently hydrolyzing ATP and lead to the
accumulation of an inactive pre-complex III lacking Rip1. Mutations in
the human gene BCS1L are associated with very different clinical
presentations ranging from mild to lethal pathologies. We have
identiﬁed several classes of extragenic compensatory mutations able to
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